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AN1256
Application note

High-power RF MOSFET targets VHF applications

Introduction
The SD2933, which utilizes a double-diffused metal oxide (DMOS) semiconductor 
technology, is the latest addition to STMicroelectronics’ RF Power MOSFET family.  The 
packaged version is shown in Figure 1. The SD2933 is a single-ended, 50 V, 300 W, gold 
(Au) metallized, N-channel, vertical Power MOSFET, intended for use up to 150 MHz, with 
exceptionally high gain, and enhanced thermal packaging which makes it ideal for various 
applications including plasma generation, excitation and FM broadcast applications. The 
unique design of this single-ended 300 W Power MOSFET, makes it the only one of its class 
available on the market today.

Figure 1. SD2933 Package

Figure 2. Two Enhancement - mode DMOS mounted in parallel
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1 Device assembly

The SD2933 discrete component design consists of two 40 cell, N-channel, enhancement 
mode DMOS transistor dice eutectically mounted in a parallel configuration (see Figure 2). 
Each cell consists of 60, 127 µm gate fingers, yielding a source periphery of 1220 mm 
allowing a maximum drain current of 40 A. The transistor dice are separated by a metallized 
gate rail on which two, thin film, Au metallized resistors are eutectically mounted. For 
improved current capability and lower inductance, the components are connected to each 
other and to the package by Au wire with a diameter of 2 mils (50 µm). Since the dice and 
package utilize gold metallization and the bonding wires are also gold, reliability issues 
pertaining to the contact of dissimilar metals between wire, package, and die are eliminated. 
The package is sealed with a ceramic lid ensuring the complete integrity of the wires and 
silicon die and also preventing any foreign objects from entering the package which could 
ultimately cause device reliability problems.

2 Device characteristics

The SD2933 has a very high transconductance. The transconductance (gfs) denotes the 
DC gain of a Power MOSFET. It is defined as the ratio of the infinitesimal change in drain 
current corresponding to the infinitesimal change in gate voltage at a specified current level 
and drain bias. It is important to measure the gfs in the device’s region of operation where 
the gfs is independent of the drain bias (VDS). The gfs of the SD2933 measured at a drain-
source voltage of 10 V and a corresponding drain current of 10 A, is typically 13 siemens. 
Impedance data across a range of frequencies may be the most important information an 
amplifier designer needs. Without it, the RF performance may not come close to the 
published values found in the datasheet. With properly measured data, and sound 
impedance matching techniques, many frustrating hours of circuit design iterations can be 
saved. 

For this reason, the following impedances were measured to help in the design of amplifiers 
for the HF, FM broadcast, and plasma generation markets as shown in Figure 1.

One important item to note is the relatively small change in input impedance from 30 MHz to 
150 MHz. This can be attributed to the series gate resistors which present a real impedance 
at the input across the full band of frequencies. Matching is easily accomplished by using 
transmission line transformers and lumped elements commonly found in many amplifiers.

The SD2933 was characterized in a common source mode at 30 MHz with a circuit 
optimized for best return loss and maximum power delivered to the load with a typical gain 
and efficiency of 23.5 dB and 65% respectively, as shown in Figure 3. The junction to case 
thermal resistance (RTH-JC) was measured under RF operating conditions using infrared 

Table 1. Impedance data for the design of amplifiers

Frequency (MHz) ZIN(Ω) ZDL(Ω) 

30 1.8 - j0.2 2.8 + j2.3 

108 1.9 + j0.2 1.6 + j1.4 

175 1.9 + j0.3 1.5 + j1.6 
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techniques to be 0.27 °C/W allowing for a maximum power dissipation of approximately    
650 W (see Figure 4).

Additionally, data was taken at 150 MHz demonstrating the gain and efficiency at the upper 
limits of the device characterization (see Figure 5).

Figure 3. Power Gain and efficiency vs. output power

Figure 4. Maximum thermal resistance vs. case temperature

Figure 5. Power gain and efficiency vs. output power
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3 Device ruggedness

The SD2933 is very rugged. Most DMOS failures during operating conditions are due to the 
inability to support the effective drain voltage across the body-drain pn junction during an 
overvoltage condition when, for example, a mismatched load causes a large voltage 
standing wave on the drain terminal. If the device is subjected to an excessive drain to 
source voltage, the electric field across this junction reaches a critical value at which point 
avalanche current is generated. Under these conditions, current flows from the source to the 
body, effectively biasing the internal parasitic bipolar transistor to an on-state, creating a 
catastrophic failure very quickly. The voltage required to turn on the parasitic transistor has a 
negative temperature coefficient, thus at higher operating temperatures this phenomena is 
more likely. It can be noted that some manufacturers of high power RF devices do not 
specify a load mismatch, but the SD2933 is guaranteed to sustain a 5:1 load mismatch 
across all phase angles with no degradation in output power when returned to 50 ohms. 
This load mismatch is comparable to devices with similar output power levels utilizing a 
push-pull package configuration. The ability of the SD2933 to handle such a severe 
mismatch can be attributed to two design improvements over similar devices. The first being 
a proprietary doping scheme of the transistor die during its fabrication process, which allows 
high current and voltage swings without inducing turn-on of the internal parasitic bipolar 
transistor, and the second enhancement is the lower thermal resistance of the packaging 
allowing for increased power dissipation of the device. These considerations result in a very 
high breakdown voltage minimum rating of 125 V, with a normal distribution of 145 V DC.

4 Design considerations

Designing the SD2933 offered two distinct challenges beyond the semiconductor device 
design; one was due to the high gain of the SD2933 in the HF frequency band, and the other 
was due to the high power dissipation of this single ended device. The gfs of this device is 
very high thus, stabilizing the transistor was extremely critical. Without the use of any 
stabilization technique, the device would oscillate and destroy itself under bias conditions 
before the RF input was applied. To overcome potential instabilities, gate resistors were 
employed. These resistors, as mentioned before, are eutectically mounted inside the 
package along with the transistor die and are wired in series with each gate pad. This layout 
presents a series resistance to each gate site and thus any difference between the site to 
site impedances are small relative to the total.
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5 MTTF (mean time to failure) enhanced package

A major problem inherent to high power RF transistors is their high operating junction 
temperatures.  If careful consideration is not taken to remove the heat generated by the 
junction, degradation in device performance and reduction in its operating lifetime are the 
consequences. The design of the SD2933 has solved this problem by using a thermally 
enhanced package, labeled a non-pedestal (NP) package, having lower thermal resistance 
than the widely used pedestal (P) packages. A finite-element analysis was performed on a 
similar NP package and the results showed a 10 °C lower peak temperature than the P 
package under the same thermal conditions. The SD2931-10 and a similar ST device were 
then chosen to further demonstrate the enhanced thermal properties of the NP package 
over the P package under normal operating conditions. These devices use the same 
transistor die and also share the same overall mechanical dimensioning. The major 
difference between the devices is that the SD2931-10 is a NP package and the other was a 
P package. Both devices were operated under RF conditions and their corresponding die 
junction temperatures were measured using an infrared (IR) imaging unit. Once again the 
results were in favor of the NP package with a 25% improvement in thermal resistance 
which corresponds to an operating life improvement of approximately 400%.

Figure 6. SD2933 MTTF for various currents as a function of junction temperature

Electromigration is another temperature-enhanced failure mechanism. Electromigration 
failures are related to current density in the metallization as well as other metallization 
material properties. A graph of the SD2933 mean-time-to-failure, for various currents as a 
function of junction temperature, based on the electromigration activation energy derived 
from Arrhenius plots for the SD2933, is shown in Figure 6. It can be seen that the typical 
lifetime is greater than 1 million hours.

It should be noted that in comparison, the SD2933 is a larger device than the SD2931-10, 
but the overall structure of the SD2933 package and the SD2931-10 package are the same 
and both devices use the same transistor die. For a complete thermal analysis of the P vs. 
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NP packages, please refer to the April 1999 issue of Microwaves & RF titled "Novel Package 
Improves Power MOSFET Reliability".

For complete documentation on the SD2933, the datasheet can be found on the 
STMicroelectronics website: www.st.com.  Enter SD2933 in the “search part number” field in 
the upper right-hand corner of the page.

6 Revision history

Table 2. Revision history

Date Revision Changes

21-Mar-2000 1 First issue

30-Jul-2007 2

– Figure 3 and Figure 5 changed

– Minor text changed

– The document has been reformatted
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